G, Nihon Kohden, Tokyo, Japan) and a pressure processor (EQ-601 G, Nihon Kohden,Tokyo, Japan). The pressure waves were differentiated by computer. Heart rate (HR: bpm), left ventricular pressure (LVP: mmHg) and peaks in differentiation of LVP by time (dp/dt max: mmHg/sec) were recorded at the control period, 10 min after exposure to isoflurane, and every 5 min after the administration of local anesthetics.
To determine whether the depression of myocardial function by the combination of isoflurane and local anesthetics is additive or synergistic, isobolographic analysis was performed according to the method of Tallarida et al". The theoretical concentration of local anesthetics and of bubbled isoflurane which reduced dp/dt max to 50% of the control (ED50), as well as theoretical 95% confidence intervals (CIS), were computed". The effects of isoflurane at concentrations of 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, and 4.5 MAC on the same isolated rat working heart preparation were also measured to obtain the 
Results
There were no significant differences in the values obtained in the control period among the six groups. Fig. 1 shows the concentrations of local anesthetics which stopped the spontaneous contraction of heart preparations.
In the preparations which were not exposed to volatile anesthetic agents, the concentrations decreased from lidocaine , mepivacaine to bupivacaine. There was a 30-fold difference between lidocaine and bupivacaine . Similar results were obtained in the preparations exposed to local anesthetics combined with isoflurane . However, the trend for the concentration of local anesthetics to cause cardiac standstill was lower in the groups with isoflurane than in the groups without isoflurane ( Fig. 1) . contractility, expressed by dp/dt max in the working heart preparations.
The Na+ channel block effects of local anesthetics suppress the maximum velocity of the depolarization of Purkinje fibers and ventricular conduction.
This produces a disturbance in the myocardial depolarization-repolarization cycle, and reduces heart rate and produces reentry-type arrhythmia.
In this study, the three local anesthetics actually depressed the heart rate dosedependently.
Many studies have shown the relative effects on cardiac functions of bupivacaine, mepivacaine and lidocaine. Komai et al found that the effect of bupivacaine was 14-fold higher than that of lidocaine in slowing the heart rate to 50% of the control, using a rat working heart preparation.
Ralph et al reported that the reductions in heart rate, force of ventricular contraction, and cardiac 10-( isolated rat lung-heart preparation .
The affinity of bupivacaine for the Na+ channel is stronger than that of lidocaine, and the duration of bupivacaine to the Na+ channel is longer than that of lidocaines. In this study, also, bupivacaine caused cardiac arrest at lower concentrations and suppressed heart rate more than the other two drugs.
In the case of mepivacaine, it may be that the depressant force of mepivacaine is between that of bupivacaine and lidocaine, judging from the present results.
On the other hand, there was no difference in myocardial contraction among the three local anesthetics. Lynch reported that in isolated guinea pig right ventricular papillary muscle preparations the effects of local anesthetics, such as bupivacaine, etidocaine, and lidocaine on the depression of myocardial contractility were frequency-dependent in a reverse manner, that is, the depression of contractility was less significant at higher pacing (2-3 Hz) than at lower pacing (<1 Hz). In our study, the heart rate was relatively high because of spontaneous beats without pacing; therefore, our results may support Lynch's conclusion. On the other hand;
Clakson et al" reported that in the same preparations used by Lynch, bupivacaine and lidocaine depressed myocardial contractility in a frequencydependent manner. Anyhow, these controversial results might be due to several factors, such as the methods of these studies, the type and the situation of the preparation, and the species of animals.
Actually, we did not investigate whether myocardial contractility depends on frequency or not .
In the present study the combination of the volatile anesthetic isoflurane and local anesthetics produced a negative inotropic action on the isolated perfused myocardium. The effect was synergistic with bupivacaine and additive with lidocaine or mepivacaine.
It is suggested that bupivacaine at high concentrations, as well as isoflurane , has a direct effect on the L-type Ca" channel"-"; therefore a combination of isoflurane and bupivacaine produces a stronger suppression of myocardial contractility. Our results showed that cardiac standstill due to local anesthetics was enhanced by isoflurane in the following order: lidocaine, mepivacaine, bupivacaine. The difference in potency In the present study, we used a rat working heart preparation, which is a denervated heart prepara- 
